Phosphate, as well as nitrate and ammonia, is responsible for eutrophication of environmental waters. However, there are serious problems in the analysis of phosphate phosphorus in environmental waters, because during the storage of water samples phosphate is released from microorganisms such as plankton by their degradation and also adsorbed onto the walls of plastic and glass bottles. It is recommended that, immediately after sample collection, water samples are filtered and preserved by freezing or cooling after addition of chloroform. 1, 2 Therefore, it is advantageous and convenient to collect phosphate phosphorus with adsorbent from water samples at sampling sites immediately after sample collections for the sake of prevention of microorganisms' degradation, and easy transportation and storage of samples.
Preconcentration methods for phosphate phosphorus have been investigated by batch or column operation using various media such as iron(III)-or zirconiumloaded resin [3] [4] [5] [6] , molybdenum-or iron(III)-loaded activated carbon 7 , hydrated iron(III) oxide 8 , zirconium dioxide 9 , silaned glass beads 10 , and protonated chitin. 11 We previously proposed a preconcentration method for phosphate phosphorus in water using an activated carbon loaded with zirconium (Zr-C * ) bed, which was prepared from powdered activated carbon. 12 This method was further improved to obtain low analytical blanks by pretreatments and successfully applied to the determination of low levels of phosphate phosphorus in fresh lake water samples. 13 However, this method was less satisfactory than an in situ method in field works, because we had to bring water samples back to the laboratory for the preconcentration operation as well as for the other methods.
This paper describes a simple and rapid method for in situ preconcentration of phosphate phosphorus in environmental water samples followed by spectrophotometric determination. This method is based on solid phase extraction using a small column packed with Zr-C * pre-pared from bead-shaped activated carbon.
Experimental

Reagents and apparatus
Petroleum-pitch charcoal (bead-shaped activated carbon, Kureha Co. Ltd., 35 -70 mesh) was used with further purification with hydrochloric acid. 13 A standard phosphorus solution (0.100 mg/l) was prepared by dissolving 0.439 g potassium dihydrogenphosphate in water and diluting to 1 l. Zirconyl nitrate solution (20 gZr/l) was prepared by dissolving 58.6 g of zirconyl nitrate dihydrate in water and diluting to 1 l. All reagents used were of analytical grade. In all analytical procedures, deionized and distilled water was used.
A Shimadzu UV-140-2 type spectrophotometer was used to determine phosphorus. Each pH value in solution was measured by using a Horiba F23 type pH meter.
Preparation of activated carbon loaded with zirconium
Purified activated carbon, 50 g, was mixed mechanically with 500 ml of zirconyl nitrate solution at 25˚C for 3 d. After filtering off, the resulting material (Zr-C * ) was washed with water, and dried at 50˚C for 48 h. One gram of Zr-C * contained 22.1 mg of zirconium.
Standard procedure
A new column packed with 1.0 g of Zr-C * was precleaned by passing 30 ml of 1 M sodium hydroxide solution and by washing with 30 ml of water. Prior to passing sample solution, the column was conditioned with 20 ml of 0.1 M hydrochloric acid and rinsed with 20 ml of water. After filtered with a Whatman GF/F filter (0.7 mm in pore size), a 50 ml sample solution was taken into a 50-ml graduated syringe, which was equipped with a short polyvinyl chloride tube (3 mm in inside diameter, 10 mm in length) at its head for connection to the other syringe. A small glass ball was included inside for mixing of solution. To the sample in the syringe, 0.5 ml of 1 M hydrochloric acid was added through the tube with a 2 ml-graduated syringe to adjust to pH 2. The resulting solution was passed through the column at a flow rate of 18 ml/min. The phosphate retained on the column was eluted with 15 ml of 1 M sodium hydroxide solution. Phosphorus in the solution was determined spectrophotometrically by the Molybdenum Blue method. 14
Results and Discussion
Effect of pH on the adsorption of phosphate
The effect of pH on the adsorption of phosphorus was examined using 100 ml of Zr-C * suspended solution (10.0 mgP as phosphate, 1.0 gZr-C * ) by a batch method. The change in the adsorption of phosphorus with pH was almost the same as that in the previous study. 12 At pH values below 2.9, the amount of adsorbed phosphorus remained at a constant value, 4.7 mgP/gZr-C * , which corresponds to the adsorption capacity of phosphorus, and at pH above 2.9, it decreased gradually with increasing pH.
Collection on Zr-C * column
The collection of phosphorus on the Zr-C * column was examined by passing the solutions (pH 2) containing 100 mgP/l and 500 mgP/l through the columns at the flow rate of 18 ml/min, which was regulated by a peristaltic pump. The breakthrough of phosphorus occurred at the volume of 600 ml and 150 ml of the solutions containing 100 mgP/l and 500 mgP/l, respectively. Therefore, the column retains 60 mgP without a breakthrough at the flow rate of 18 ml/min. This capacity is enough for the collection of phosphorus in usual environmental waters.
Elution
The elution of phosphorus from a Zr-C * column, which retained 2.5 mg of phosphorus, was examined by using 0.1, 0.5, 1.0, and 3.0 M sodium hydroxide solutions as an eluent. The relation between phosphorus elution and the volume of each sodium hydroxide solution is shown in Fig. 1 . The phosphorus retained on Zr-C * was quantitatively eluted with more than 15 ml of 0.5, 1.0, and 3.0 M sodium hydroxide solutions. In this study, 15 ml of 1.0 M sodium hydroxide solution was used for the elution.
Recovery and reproducibility
Phosphorus was recovered quantitatively from 50 ml and 200 ml of solutions containing 0.60 -2.00 mgP by using 50-ml and 200-ml graduated syringes, respectively. The relative standard deviation (RSD) was 1.8 -3.0% at the concentrations of 12 -40 mgP/l using the 50-ml syringe and 2.4 -2.8% at 3 -10 mgP/l using the 200-ml syringe (each 5 measurements). The determination limit was 1 mgP/l, using the 200-ml syringe.
Effect of diverse ions
The adsorption of phosphorus on Zr-C * was little influenced by cations such as sodium, magnesium, calcium, aluminum, and iron ions, or by anions such as chloride, sulfate, and nitrate ions, which universally exist in environmental waters. 12 In this study, the influence of seawater, which contains sodium, magnesium, calcium, potassium, chloride, sulfate, and bicarbonate ions at high levels, on the recovery was further examined using artificial seawater made up according to Lyman and Fleming's method 15 and natural brackish waters. As shown in Table 1 , phosphorus was successfully recovered even in highly saline water such as artificial seawater. The recovery of the spikes added to the brackish water samples was also quantitative. The proposed method is available for brackish water and for seawater.
Application to environmental waters
The proposed method was applied to fresh and brackish water samples taken from urban rivers (Shinkamo river and Kyukamo river in Yonago city, and Sankyo river in Matsue city) and brackish Lake Nakaumi, Japan. All operations for phosphorus collection using the Zr-C * column were carried out at sampling sites immediately after sample collections, and then the columns were brought back to our laboratory for the elution and the spectrophotometric measurements. For comparison, the same water samples were transported back to the laboratory; phosphorus in the samples was directly determined by a conventional spectrophotometric method 14 within 4 h after the sample collections. As shown in Table 2 , the results obtained by both meth- 418 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 ods are in good agreement with each other. And there is no influence caused by degradation of microorganisms on the determination. Therefore, the proposed method is satisfactorily applicable to saline water samples such as brackish water and seawater as well as fresh water as an in situ method for field works. a. Volume of sample solution: 50 ml. b. After filtering with a Whatman GF/F filter (0.7 mm in pore size), phosphate phosphorus in sample solutions were spectrophotometrically determined by Molybdenum Blue method with 50-mm glass cell. 14 
